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Abstract—The presence of human body has an important 
influence on the wireless communication systems in indoor 
environments. The need of efficient prediction for such coverage 
becomes essential. This paper present an efficient electromagnetic 
indoor propagation modeling, taking into account the presence of 
human body and the nature of materials of the complex 
environment, based on the Finite-Difference Time-Domain 
method. Numerical results are compared with measurement 
results and show a good agreement. 
I. INTRODUCTION 
Efficiency and accuracy are more and more required in 
wireless propagation modeling in indoor environments for 
planning better coverage. This coverage is influenced by the 
geometry and material characteristics of existing obstacles in 
the environment.  
A code based on the FDTD (3D) method has been developed 
with FORTRAN and adapted to our context of study taking into 
account the presence of obstacles and their properties (the 
presence of human was not considered in the code). It allows 
obtaining interesting results in agreement with measurements 
[1]-[12]. 
In this paper we are looking to predict the radiation of CMA -
118/A omnidirectional antenna at 2.4 GHz in presence and 
absence of human body placed in a room (48λ x 18λ x 20λ) as 
presented in Figure 1, in presence and absence of human body. 
The code was enhanced to take into account the presence of 
human body in the environment, numerical results are compared 
with measurement results, a good agreement is obtained. 
 
 
 
 
 
 
 
Figure 1.  Scenario of study 
II. SCENARIO AND MEASUREMENTS 
We choose an empty steel room (Figure 2), measuring 6.06 x 
2.3 x 2.5 m
3
 containing a metallic heater and two glass 
windows, two omnidirectional “Conical Monopole Antennas” 
CMA-118/A (1-18 GHz) are used for this scenario, one 
“Network Analyzer” HP – 8753D (30 KHZ – 6 GHz), two 
coaxial cables (5m), a computer to control the measurement 
configuration and calibration and data transfer. The network 
analyser and the computer were outside the room. The 
frequency band used is 2.3 - 2.5 GHz (401 points), the 
transmitting power is 8 dBm.  
 
 
 
 
Figure 2.  Measurement materials 
 
A. First Measurements – Antenna height H = 1.64m 
In the first measurements, the transmitting and receiving 
antennas are placed 164 cm above the floor level in the empty 
room. 
The repartition of radiated power measured for 108 positions 
separated by 2λ is represented in Figure 3; the red cross 
represent the transmitter position.  
 
Figure 3.  Power Loss (dB) measured at 1.64m 
 
B. Second Measurements – Antenna height H = 1.8m 
In the second measurements, the transmitting and receiving 
antennas are placed 180 cm above the floor level in the empty 
room. 
The repartition of radiated power measured for 108 positions 
separated by 2λ is represented in Figure 4; the red cross 
represent the transmitter position.  
 
 
 
Figure 4.  Power Loss (dB) measured at 1.8m 
 
C. Third Measurements – Presence of human body (H = 1.8m) 
 
In the third measurements, the transmitting and receiving 
antennas are placed 180 cm above the floor level in presence of 
human body. 
The repartition of radiated power measured for 108 positions 
separated by 2λ is represented in Figure 5, the red cross 
represent the transmitter position and the gray rectangle 
represent the human body position. 
 
 
Figure 5.  Power Loss (dB) measured in presence of human body at 1.8m 
 
III. MODELING WITH FDTD CODE  
 
We create the scenario by FDTD code as shown in Figure 6. 
We start by defining the scenario’s geometry (walls, floor, 
ceiling, windows …). Then we define the materials 
(conductivity and permittivity). We can add more furniture 
inside the environment. 
We define the frequency (2.4 GHz in our study), the spatial 
step (we choose λ/10 to get a good accuracy or λ is the 
wavelength) and the transmitting point(s) source(s) location(s). 
 
 
Figure 6.  Scenario defined by FDTD code 
 
The FDTD code has a capability to produce the electric field 
and the magnetic field in time domain at any location in the 
defined environment. We use the Fourier transform to get the 
electromagnetic fields in frequency domain and extract the 
values of electric and magnetic fields at 2.4 GHz in order to 
compute the Poynting vector P = | E x H | [13]. 
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Figure 7.  Electromagnetic waves propagation in time domain (FDTD code) 
 
Figure 7 shows how electromagnetic waves propagate inside 
the room taking into account all significant physical phenomena 
like signal reflection, absorption, penetration, diffraction and 
diffuse scattering. 
 
The current version of the FDTD code has a capability to 
handle the output data that we need and also the number of 
processors for the computation and we are able to add human 
body inside the defined environment (geometry and material 
properties of human body). 
 
Three simulations are done in order to compare with 
measurements. For the first simulation, the source location is at 
z = 1.64 m. The repartition of radiated power computed for 108 
positions separated by 2λ is represented in Figure 8; the red 
cross represent the transmitter position.  
 
Figure 8.  Power Loss (dB) computed by FDTD code at 1.64m 
For the second simulation, the source location is at z = 1.8 m. 
The repartition of radiated power computed for 108 positions 
separated by 2λ is represented in Figure 9; the red cross 
represent the transmitter position.   
 
 
Figure 9.  Power Loss (dB) computed by FDTD code at 1.8m 
The third simulation includes the human body at the same 
position of measurements with source location at 1.8 m. The 
repartition of radiated power computed for 108 positions 
separated by 2λ is represented in Figure 10; the red cross 
represent the transmitter position. 
 
 
Figure 10.  Power Loss (dB) computed in presence of human body 
IV. COMPARISON BETWEEN SIMULATION AND 
MEASUREMENTS 
Numerical results are compared with measurement results as 
shown in figure 11. 
 
(a) 
 
(b) 
 
© 
Figure 11.  Difference of radiated power (dB) between measurements and 
simulations (a) for empty room at 1.64m (b)for empty room at 1.8m (c) in 
presence of human body 
This little difference shows the capacity of the FDTD code to 
modeling indoor electromagnetic propagation. 
We used for these simulations, one computer which has 8 
processors and 32 GB of RAM. The computation time for each 
study was about 31 minutes, using 8 processors and 3.9 GB of 
RAM. 
V. CONCLUSION 
 
An efficient electromagnetic indoor propagation modeling 
based on the 3D FDTD method is enhanced and presented in 
this paper taking into account the presence of human body. 
Numerical results are presented and compared with 
measurements to validate the capability of our code to modeling 
electromagnetic propagation for indoor environments. 
The characteristics of antenna should be integrated in the 
FDTD code in the future to get more accuracy. 
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The difference between the measurements results and the 
simulations results can be seen between -3 and 3 dB.  
